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CONVERSION FACTORS

For use of readers who prefer to use metric (SI) units, conversion 
factors for terms in this report are listed below:

Multiply Inch-Pound Unit 

inch (in) 

foot (ft)

mile (mi)
nautical mile (nt mi)

By 
Length

2.54
0.0254

30.48
0.3048

1.6093
1.8530

To obtain SI Unit

centimeter (cm) 
meter (m)

centimeter (cm) 
meter (m)

kilometer (km) 
kilometer (km)

gallon (gal) 
cubic foot (ft 3)

Volume

3.785
0.02832

liter (L)
cubic meter (m 3 )

cubic foot per second 
(ft 3/s)

Flow

0.02832 cubic meter per 
second (m3/s)

degrees Fahrenheit (F °) 

degrees Celcius (C °)

Temperature 

, (F ° - 32) x .555 

(C ° x 1.8) + 32

degrees Celcius
(C °)

degrees Fahrenheit 
(F °)

Nitrogen and phosphorus species conversion

To convert mg/L of:

NH4
N03
N02
N
N
N
P04
P

To mg/L of

N
N
N
NH4
N0 3
N02
P
P04

Multiply by

0.7765
0.2258
0.3045
1.289
4.429
3.284
0.3872
2.583
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WATER QUALITY AND PHYTOPLANKTON OF THE TIDAL POTOMAC RIVER,

AUGUST-NOVEMBER 1983

By J. C. Woodward, P. D. Manning, D. 0. Shultz and V. S. Andrle

ABSTRACT

In the summer of 1983, a prolonged blue-green algal bloom, consisting 
predominantly of Microcystis, occurred in the Potomac River downstream of 
Washington, D.C. Ten longitudinal sampling trips were made between 
August 3 and November 9, 1983, primarily in the freshwater tidal Potomac 
River between Memorial Bridge and Quantico, Va. Samples were depth-inte 
grated and composited across the river at each major station and analyzed 
for dissolved and total nitrogen species, dissolved and total phosphorus 
species, dissolved silica, chlorophyll-a, pheophytin, and suspended sediment. 
In addition, phytoplankton were enumerated and identified. Point samples 
were taken for chlorophyll-a and pheophytin, and measurements were made 
of dissolved oxygen, pH, conductance, temperature, and Secchi disc trans 
parency. Some supplementary data are presented from points between major 
stations and in tributaries to the tidal Potomac River.

INTRODUCTION

The U.S. Geological Survey is conducting an interdisciplinary study of 
the tidal Potomac River and Estuary in order to understand the hydrodynamic, 
chemical, and biological processes and their interactions in a tidal river- 
estuarine system. Field efforts of the PES (Potomac Estuary Study) began in 
August 1977 (Smith and Herndon, 1979), and continued into January, April, and 
August 1978 (Smith and Herndon, 1980a, 1980b, and 1980; Cole and Alpine, 1980) 
Routine sampling of the Potomac River and Estuary began in 1979; data reports 
that present results of this sampling have been published for 1979-81 
(Blanchard and Hahl, 1981 ; Blanchard and others, 1982a and 1982b).

This report presents nutrient, water-quality, and phytoplankton data 
from the tidal river and upper transition zone of the Potomac River and 
Estuary for August through November 1983. The purpose of the data collec 
tion was to document the chemical and physical conditions associated with 
a phytoplankton bloom that occurred during this period. The data are 
organized by sampling trips, from the upstream-most station to the down 
stream-most station. In addition to sampling in the Potomac River, a few 
water-quality measurements, chlorophyll, pheophytin, and phytoplankton 
samples were taken from selected tributaries of the Potomac River.

The field work and chlorophyll analyses presented here could not have 
been done without the assistance of Kris Gould. We thank R. A. Baltzer 
and R. S. Regan for providing tide stage data. We would also like to



thank Bob Happ, Stephen Blanchard, and particularly Jonathan Sell, all of 
whom acted as boat captain at various times and enabled us to conduct 
this field work in spite of equipment and weather problems.

Description of Study Area

The tidal Potomac River and Estuary can be divided into three distinctly 
different hydrodynamic zones (fig. 1). The tidal river zone contains fresh 
water and is strongly influenced by river flow but also experiences tides 
and the associated cyclical reversals of flow. The transition zone contains 
both fresh and saline waters and is influenced by riverine and tidal flows. 
The estuarine zone contains saline water and is most strongly influenced 
by tidal flow. Data presented here was collected from the tidal river 
zone and upper transition zone.

Sampling stations are shown in figures 2 and 3. Table 1 lists the 
stations in downstream order by name, the station identification number and 
the distance from the mouth of the river in kilometers. The station identi 
fication numbers are compatible with those used in basic data reports on the 
Potomac River for 1979, 1980, and 1981 (Hahl and Blanchard, 1981; Blanchard 
and others, 1982a and 1982b). The river distances, in km, are measured 
from the center of a line drawn between Smith Point and Point Lookout at 
the mouth of the river.

Intermediate stops at navigational buoys were made between stations 
for collection of supplementary chlorophyll and pheophytin samples and 
light penetration data. These locations are included in table 1 and 
are identified by buoy number rather than by station name. If two buoy 
numbers are shown, sampling location was mid-way between them. Locations 
of tributary sampling sites are shown on figure 2 and are listed in table 2.

METHODS OF SAMPLE COLLECTION

With the exception of Chain Bridge, each major station consisted 
of two to four verticals on a transect across the river. The number of 
verticals depended on the width of the river. Transects were divided 
into segments using an equal area technique, and sampling verticals were 
located at the centroid of each segment. At Chain Bridge, the main 
channel is a narrow canyon (49 meters wide) that constricts flow and 
insures thorough mixing. Consequently, only a single sample from the 
channel center was needed at this station. The Potomac River at Alexandria 
has two channels separated by an extensive area of shallow water. These 
two channels were treated as separate stations: Alexandria, Virginia 
channel, and Alexandria, Maryland channel.

Samples for nutrient, biological, and sediment analyses are depth-inte 
grated and composited samples. They were collected with an open, vented bottle 
as described in Blanchard and others (1982a). A depth-integrated water sample 
was collected at each of the verticals composing a station. The water was com 
posited in a churn splitter, and subsamples were removed for nutrient, sediment 
and chlorophyll analyses, and for phytoplankton enumeration and identification.

- 2 -
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Figure 1.--Tidal Potomac River and Estuary
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Figure 2.--Tidal river zone showing sampling stations. Bars indicate 
major stations, and dots indicate sampling locations between 
major stations and in tributaries.
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Figure 3.--Transition zone showing sampling stations. Bars indicate
major stations, and dots indicate sampling locations between 
major stations.
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Table 1.--Station numbers and locations

Station number

01 646580

385315077031800

385205077015500

385138077014000

38503907701 2600

384852077020500

01652590

38460507701 5800

384420077021 500

384318077020300

384220077025500

3841 50077041 000

3841 36077054600

384040077073000

383818077072800

383645077082500

01655480

3835000771 24000

383415077132500

3833300771 41 000

383210077155000

01 6871 0

382855077171000

3826400771 59900

3824400771 60500

3823050771 53000

Station name
Potomac River at:

Chain Bridge at 
Washington, D.C.

Memorial Bridge, 
Washington, D.C.

Buoy #6

Buoy #4

Giesboro Point
Washington, D.C.

Marbury Point, 
Washington, D.C.

Alexandria, Va. 1/ 
(Maryland and Virginia 
channels)

Rosier Bluff, Md.

Buoy #84/86

Hatton Point, Md.

Buoy #77

Buoy #73

Marshall Hall, Md.

Buoy #62/64/66

Hallowing Point, Va.

Buoy #55/56

Indian Head, Md.

Buoy #49

Buoy #47

Buoy #45/46

Powerlines

Quant i co, Va.

Buoy #40/41

Douglas Point, Md.

Buoy #30

Thomas Point, Md.

Station
abbrevation

CHN

MEM

 

--

GES

MAR

ALEXAND 
Md 
Va

ROS

 

HAT

--

--

MHL

 

HAL

--

IND

 

 

 

 

QNT

 

DP

 

TP

Distance from
river mouth
(kilometers)

187.2

179.5

176.5

175.0

173.7

170.4

168.0

165.6

162.5

160.0

157.0

155.5

151.0

148.0

144.0

141.5

138.9

134.0

132.0

130.0

127.5

125.6

120

116.7

112.0

108.0

I/The Alexandria, Va. cross-section has a channel on the Virginia side of the 
river separated by a tidal flat from the channel on the Maryland side of 
river. The Virginia and Maryland channels were sampled as separate stations,

- 6 -



Table 2. Tributary sampling locations

Station 
number

384155077010000

384210077074000

384030077093000

383430077103000

Station 
name

Piscataway Creek, Md 

Dogue Creek, Va.

Gunston Cove, Va. 
(Pohick Bay)

Mattawoman Creek, Md,

Distance from river mouth 
(kilometers to confluence 
of the tributary and the 
Potomac River)_______

158.0

150.0

147.0

133.0

- 7 -



Point measurements of dissolved oxygen, temperature, conductivity, 
and pH were made at each vertical using a Hydrolabl/4041 water-quality 
measurement system. These measurements were made at a minimum of three 
depths, 1-foot from the surface, approximately mid-depth, and 1.5 feet 
from the bottom. On some sampling dates, point chlorophyll and pheophytin 
samples were also collected at these depths. Normally, a submersible pump and 
a flow-through cell containing the Hydrolab sensors was used. Point chloro 
phyll and pheophytin samples were collected from the outflow of the flow- 
through cell. On several trips the submersible pump could not be used 
because of generator problems; at these times, the Hydrolab sonde was 
lowered overboard to make in situ measurements. Previous unpublished 
studies have shown that the in situ and the pumping method give comparable 
results. Water transparency was measured by a Secchi disk.

Prior to this study, a systematic problem with Hydrolab 4041 reference 
electrodes was noted, which resulted in pH values that were lower than 
values obtained using other pH instruments. The manufacturer suggested 
refilling the cavity of the reference electrode with a pH 7 buffer solution 
made from a 3 M KC1 solution rather than from deionized water. This 
procedure was followed and all pH measurements in this report were made 
with this new buffer solution. Fifty-eight duplicate field pH measurements 
ranging from 7.4 to 9.2 were made with the Hydrolab 4041 pH electrodes 
and with an Orion pH meter. The Orion instrument typically gave values 0.1 
pH unit (range 0.0 to 0.2) higher than that measured by the Hydrolab. This 
was verified with a paired-differences test (p < 0.01), which rejected 
the null hypothesis UQrion - "Hydrolab = 0.0. This problem with Hydrolab 
pH data should be considered when using the data in this report.

METHODS OF SAMPLE ANALYSIS 

Filtration of samples

Dissolved material is operationally defined as substances in a water 
sample that will pass through a 0.45 u (micron) filter. All samples 
analyzed for dissolved constituents were passed through a 142 mm diameter, 
0.45 u Millipore type HA filter using a peristaltic pump. Filters were pre 
viously rinsed with 500 mL of sample water.

Nutrients and sediment

Concentrations of dissolved and total nitrogen species, dissolved and 
total phosphorus species and dissolved silica were determined at the Atlanta 
Central Water Quality Laboratory of the U.S. Geological Survey by methods 
described by Skougstad and others (1979). Sediment concentrations were 
determined at the Sediment Laboratory of the U.S. Geological Survey at 
Harrisburg, Pennsylvania, by methods described by Guy (1962).

L/Mention of brand names in this report is for identification purposes 
and does not constitute endorsement by the U.S. Geological Survey.

- 8 -



RON (particulate organic nitrogen) is calculated by subtracting the 
dissolved Kjeldahl nitrogen from total Kjeldahl nitrogen. Commonly, the 
dissolved Kjeldahl nitrogen concentration exceeds the total Kjeldahl 
nitrogen value, which results in a negative RON. This error is probably 
introduced through the total Kjedahl anaylsis, which may exhibit more 
variability than other closely related analyses. Despite the apparent 
problems, the results of the analyses for total and dissolved Kjeldahl 
nitrogen are included in this report (table 6). Because calculated 
values of RON are subject to two sources of error, these are not included 
in this report.

Chlorophyll and pheophytin

Chlorophyll and pheophytin were analyzed by a modification of the 
fluorometric method of Strickland and Parsons (1972) with 90-percent ace 
tone as the extractant. The field and laboratory methods used are described 
in Blanchard and others (1982b). Some pheophytin values are reported as 
negative numbers in this report. The equations used to calculate the 
pheophytin are sensitive to slight errors in reading the analog meter of 
the fluorometer. If pheophytin concentrations are near zero, these 
slight errors may result in a calculated pheophytin concentration that is 
slightly negative. The convention is to report these negative numbers 
rather than to show them as zero.

The precision of chlorophyll extractions of replicate samples from the 
blue-green alga Microcystis bloom that occurred in the Potomac River was not 
as good (standard error range = 13 to 17 percent) as replicate extractions 
from phytoplankton populations sampled in 1980 and 1981 (standard error 
range = 1 to 4 percent). Methanol extractions were made to check whether 
the acetone extraction of chlorophyll from the Microcystis colonies was 
complete. As routine DIComp samples were collected on October 27 and 
November 9, an extra aliquot was withdrawn, filtered and immediately 
frozen using dry ice. In the laboratory, 8 ml of methanol was pipetted 
into the sample containers. After allowing 1.5 hours for extraction in a 
refrigerator, the methanol was evaporated, under vacuum, at 30 °C (Marker, 
1972). When evaporation was complete, 15 ml of 90-percent acetone was 
added to the sample container, the sample was thoroughly shaken, filtered, 
and analyzed on a Turner Design fluorometer. Chlorophyll concentrations 
of acetone-extracted samples from the Microcystis bloom were about 30 
percent lower than those from methanol extracted samples. Samples from 
areas of the river not affected by the Microcystis bloom, however, showed 
the opposite effect, with methanol-extracted chlorophyll concentrations 
averaging 30 percent lower than those from acetone extraction. Pheophytin 
concentrations did not show effects relative to the extraction technique.

Alpine (USGS, personal commun., 1979) found incomplete methanol extrac 
tion of chlorophyll from diatom populations unless the samples were ground 
or were buffered with MgC03 (0.1 g/L). Water was collected from Quantico, 
where Microcystis was present, and from Marshall Hall, where green algae and

- 9 -



diatoms were present. Five replicate samples from each area were extracted 
by the following procedures:

1. Filter frozen; extracted 3 days later using 10 ml methanol for 1.5 
hours.

2. Filter frozen; extracted 3 days later using 10 ml methanol plus MgC03 
for 1.5 hours.

3. Filter and immediately extracted with 15 ml methanol plus MgC03 for 
36 hours.

4. Filter and immediately extracted with 15 ml 90-percent acetone for 
36 hours.

5. Filter and immediately extracted with 15 ml 90-percent acetone plus 
MgC03 for 36 hours.

After extraction, the methanol samples were evaporated as described pre 
viously. MgC03 buffered 90-percent acetone was added to samples that had 
contained buffered methanol and 90-percent acetone alone was added to sam 
ples that had contained pure methanol. Methanol- and acetone-extracted 
samples were filtered and analyzed using a Turner Design fluorometer.

An analysis of variance was used to determine whether the means were 
significantly different (p < .01) at these locations for the five treatments 
(table 3). There was no significant difference between the means of chloro 
phyll or pheophytin concentrations of samples extracted with buffered or 
nonbuffered methanol or extracted with buffered or nonbuffered 90-percent

acetone. Also, there was no significant difference between the means of 
chlorophyll or pheophytin concentrations when the filters were frozen and 
subsequently extracted with methanol for 1.5 hours or were immediately 
put into methanol for 36 hours. However, there was a significant difference 
between the means of chlorophyll concentrations of samples extracted in 
90-percent acetone and those extracted in methanol. Samples from the 
area dominated by Microcystis (Quantico) consistently had lower chlorophyll 
concentrations when extracted with 90-percent acetone than with methanol. 
In contrast, samples from the diatom and green algae population (Marshall 
Hall) had higher chlorophyll concentrations when extracted with 90-percent 
acetone than with methanol. Thus, the trends noted on October 27 and 
November 9 are supported by this experiment, and chlorophyll concentrations 
in areas dominated by Microcystis are probably 20 to 40 percent lower than 
if the samples had been extracted" by methanol.

Phytoplankton Enumeration and Identification

Phytoplankton enumeration and identification was done by inverted 
microscope examination. Each 250 ml sample, preserved with Lugol's solution, 
was shaken gently for two minutes to resuspend settled organisms. Five ml 
was pipetted into a 10 ml counting chamber, with a base plate of coverglass 
thickness, and allowed to settle overnight.

- 10 -
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The variability associated with sampling and in counting was determined 
using a blind test. Five replicate samples were taken from the DIComp 
sample from Marshall Hall on September 8, 1983. All the sample bottles 
for the entire trip on September 8 were coded so that the phytoplankton 
counter could not differentiate that a sample was a replicate or from a 
different station. The results, presented as cells per mi Hi liter, for 
the ten predominant species are shown in table 4. The coefficient of 
variation for individual species ranged from 33 to 221 percent. This re 
presents the inherent variability in drawing the aliquot from the churn 
splitter, withdrawing the aliquot to be counted from the sample bottle, 
and the variability in choosing which grids are to be counted.

The variability of the computed values for the total number of cells 
per milliliter are shown in table 5. The standard error is essentially 
the same as that computed for Microcystis aeruginosa because of the pre 
dominance of that organism in this partfcular sample.

Using an Olympus inverted microscope with an Apo 40x objective, randomly 
selected fields (250 x 250 ym) were used to count and identify phytoplankton. 
Organisms were identified to species, if possible otherwise to the level 
known and cell numbers of each taxa were recorded until a total of 250 cells 
had been counted. Filaments were counted according to how many grid lines 
(25 urn spacing) were crossed, except in the case of Anabaena spp. and Melosira 
spp. in which case individual cells were counted. The num6e~r of cells was 
estimated for colonial forms.
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Table 5.--Cells per milliliter determined on replicate samples 
from a DIComp water sample collected at Marshall Hall 
on September 8, 1983

Replicate 
number

1

2

3

4

5

Mean

Standard deviation

Standard error of
the mean

Coefficient of

Total cells 
per milliliter (x 106 )

5.22

2.31

4.01

1.50

3.14

3.24

1.45

.65

45
variation (%)
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DATA TABLES

Stations are identified by river km from the mouth. Refer to table 1 
for station name and identification number. All stations were not sampled 
on every trip. Times are Eastern Daylight Savings Time except for November 9, 
1983, which is Eastern Standard Time. All chlorohyll values presented in 
the data tables are chlorophyll-a corrected for pheophytin. Abbreviations 
used in the data tables are as follows: km is kilometers from mouth of Potomac 
River; ng/L is milligrams per liter; and DISS is dissolved. A decimal point, 
".", indicates no values.

Table 6 presents data on concentrations of dissolved nitrate, dissolved 
nitrite, dissolved ammonium, dissolved ammonium plus organic nitrogen, total 
nitrogen, dissolved orthophosphate, dissolved phosphorus, total phosphorus, 
dissolved silica, chlorophyll (chlorophyll-a corrected for pheophytin), 
pheophytin, and suspended sediment. Nutrient analyses of samples collected 
on August 31, 1983, were limited to selected dissolved species. These data 
are from DIComp (depth-integrated, composited) samples and represent the mean 
concentration at a cross-section rather than the concentration at a discrete 
point in the water column. The Maryland and Virginia channels at Alexandria 
(river km 168.0) were sampled as separate stations are differentiated by 
attaching "Md" and "Va", respectively, to the river km.

Table 7 presents field parameters of dissolved oxygen, pH, water tempera 
ture, specific conductance, and secchi depth from the verticals that were 
sampled to produce the DIComp samples. Also included are depth integrated 
chlorophyll and pheophytin concentrations from each vertical sampled, inter 
mediate buoy stops, and tributary sampling. If there is no depth indicated, 
the sample is depth intergrated. Distances from left bank (looking downstream) 
may be used to locate the individual verticals along the station cross-section.

Table 8 presents phytoplankton enumeration and identification from 
DIComp samples. These are organized in downstream order and by day.

Tide stage data for the Potomac River at Alexandria, Va. and Quantico, 
Va. for the days when sampling was carried out is provided in figure 4.
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Table 6.--Nutrient, chlorophyll, and sediment data for 
DIComp samples
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Figure 4.--Tide stage measured at Alexandria, Va. and Quantico, 
Va. for sampling days.
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